Immobilized biocatalysts, such as enzymes and microbial cells, are excellent tools of high sensitivity and specificity for the monitoring of metabolites in fermentation broths or for the selection of potent producers of useful metabolites.
For example, /Mactamase entrapped with a dialysis membrane1} and collagenentrapped Citrobacter freundii cells2) were applied as the penicillin electrode and cephalosporin electrode, respectively.
In the previous papers, we have reported the immobilization of glutamate decarboxylase3) and lysine decarboxylase4) with an emulsiontype of photo-crosslinkable resin prepolymer to the inner surface of glass tubes and the ap- 2.5 mm, length = 15 cm) was silanized with vinyltriethoxysilane, as described previously.3) One gram of the photocrosslinkable resin prepolymer (40% suspension of ENTE-1), whose pH was adjusted to about 7.0 with a 5n KOH solution, was mixed with 0.1ml of a photosensitizer, benzoin isobutyl ether (10% solution in polypropylene glycol) and 250~300mg of acetone-dried cells of Citrobacterfreundii suspended in 0.5~0.8ml of 50mMpotas-sium phosphate buffer, pH 7.0. An aliquot of this viscid mixture was injected at the top of each silanized glass tube, forming a thin layer of the cell-containing prepolymer on the inner surface of the tube. Each tube was illuminated with near-UV light for 5 min under a nitrogen atmosphere. The surface of the cell-containing resin thus formed coated once with the sameresin without the cells. For the continuous assay ofcephalosporin C, two kinds of systems were used. The first was the iodometry method developed by Novick7) for the measurement of penicillinase activity, depending on the reduction of iodine by the hydrolyzed /Mactam antibiotics. Samples were passed through the enzyme tube followed by a mixing with I2 solution and then with starch solution. In this case, the absorption at 600nmwas measured (Fig. 1) . The second was the potentiometric method using a Beckman 39030 pH electrode and a Beckman digital 4500 pH meter, measuring the pH change caused by the proton release in an enzymatic hydrolysis of cephalosporins (Fig. 2 ). When applied to the supernatant from a fermentation broth, the iodometric measurement tends to give a high blank value due to various contaminants. Therefore, this systemwas used only to learn the basic properties of the free enzyme and the microbial cell tubes. The determination of cephalosporins in the fermentation broth was carried out by the Citrobacter freundii were investigated by iodometry using the system shown in Fig. 1 . The optimal pH of the enzyme was at 8.0~8.5, the activity at pH 7.0 being about 40% of the maximum value. The apparent Km value, 3.0mM, of the enzyme in the microbial cell tubes at pH 7.0 was calculated from the Lineweaver-Burk plots under the conditions described in Fig. 1 , while that of the free enzyme was 0.5 mM( were carried out at pH7.0. Thereasons were as follows: (1) At alkaline pH, cephalosporin C was rather unstable; (2) the pH of the sample solutions might be affected by atmospheric carbon dioxide at alkaline pH; (3) a high Km value made it possible to analyze high concentrations of the substrate in the assay system by measuring the initial reaction rate.
The optimal reaction temperature for both the free enzyme and the counterpart in the microbial cell tubes was around 45~50°C (Fig. 4) . However, the enzyme was unstable above 40°C. Hence, the usual assays were done at 30°C.
Effect of the buffer concentration
A spectrophotometric analysis of cephalosporin C using iodometry is sometimes interfered with impurities in the fermentation broths. Therefore, we attempted to develop a convenient method to measure the pH change caused by the hydrolysis of the cephalosporins by cephalosporinase.
To establish the optimum reaction conditions, several criteria must be satisfied. That is, (1) the enzyme should not be inactivated or the enzymereaction should not be inhibited by a change of pH; (2) in principle, pH is proportional to the logarithm of proton concentration, while, in practice, logarithmic response is usually less reproducible. However, if an adequate buffer having a constant buffering capacity during the progress of the reaction is selected -/?= <iCA(or B)/dpH =constant, where P is the buffering capacity and CA(orB) is the concentration of acid or base -the change of pH becomes proportional to the change of proton concentration (dpH=dCA(orB)//?); (3) the change of pH is affected markedly by the buffering capacity of the buffer solution used; (4) the hydrolyzed cephalosporin should be ionized within the pH range of the reaction system.
Fromthese criteria, we have selected a potassium phosphate buffer having a constant buffering capacity around pH 7 to prepare the assay sample. The concentration of the buffer affects seriously the change of pH. As shown in Fig. 5 , the pH change was small at higher buffer concentrations, and large at lower concentrations of the buffer. Considering the reproducibility of the results and the good response, 1~2mMof potassium phosphate buffer (pH 7) was used in the subsequent experiments. In the system used, the shift of pH to the acidic side was less than 0.5 unit. Such a small pH shift did not affect the enzyme activity in the microbial cell tubes.
Relationship of the response between iodometry and potentiometry
Pm iodometric assay is based on a linear relationship between the absorbance at 600 nm and the concentration of /Mactamantibiotics hydrolyzed chemically or enzymatically. Figure 6 shows that the change of pH measured in the system shown in Fig. 2 is quite proportional to the change in the absorption at 600nmobtained in the system shown in Fig. 1 . These results indicate clearly that a potentiometric measurement using a pH electrode and a pH meter is useful for the assay of cephalosporins.
Substrate specificity
The immobilized C. freundii cells showed an activity not only for cephalosporin C but also both deacetylcephalosporin C and deacetoxycephalosporin C (Fig. 7) , by-products of the cephalosporin C fermentation.9) The activity as substrate of deacetyl-and deacetoxycephalosporin C was 60% and 80% of that ofcephalosporin C. Conversely, penicillin G did not serve as a substrate. Theseresults indicate that the immobilized C. freundii tubes are useful to learn the minimal amounts of total cephalosporins in the fermentation broths as cephalosporin C values or for the screening of the cephalosporin-producing strains. potassium phosphate buffer, pH 7.0. Figure 9 shows the results of repeated analyses of the diluted supernatant with the microbial cell tubes. It was possible to analyze each sample within 10 min. The reproducibility of the response remained satisfactory after 50 assays.
The deviations between the results were 5.8% with a 20-fold diluted supernatant and 6.7% with a 30-fold diluted one. Using the standard curve with authentic cephalosporin C solutions, the concentration of antibiotics in the fermentation broth was calculated as ll~12niM. This value was far higher than that assayed with Alkaligenesfaecalis as reported in the literature, 10) indicating that the microbial cell tube system responded to the total cephalosporins. As described above, cephalosporinase of C. freundii exhibited a good activity for deacetyl-and deacetoxycephalosporin C as well as for cephalosporin C. On the other hand, A. faecalis was less sensitive to these derivatives of cephalosporin C.9) The results presented reveal that the immobilized C. freundii tubes in an automated flow system are useful for a determination of the concentration of total cephalosporins in fermentation broths. The photo-crosslinkable resin prepolymer method for preparing immobilized microbial cell tubes mentioned here can be conveniently applied to the assays of various metabolites in fermentation.
